Necrotizing fasciitis is an increasing problem among injection drug users (IDUs) in the Northern California Bay Area region [1, 2] . In the past decade, this region has seen a sharp increase in cases of abscess, cellulitis, and necrotizing fasciitis among the community of IDUs [3] [4] [5] . For the clinician, necrotizing fasciitis often poses a diagnostic dilemma. The appearance of a benign cellulitis can deceptively masquerade underlying tissue destruction by so-called "flesh-eating bacteria" [1] . Failure to correctly diagnose necrotizing fasciitis has severe consequences: the disease has been associated with a rate of mortality reaching 50% [6] , with amputation and extensive skin debridement often necessary to ensure survival [7] . Because of the increase in cases of necrotizing fasciitis that present as cutaneous abscess after injection drug use, a high index of suspicion is necessary for patients who present with cellulitis and a history of injection drug use.
The term "necrotizing fasciitis," first coined by Wilson in 1952 [8] , is nebulous. The traditional definition of necrotizing fasciitis is a necrotic infection at the level of superficial fascia, subcutaneous fat, or deep fascia [8] [9] [10] . Although infections such as deep cellulitis and myonecrosis have sometimes been included, these are more appropriately classified under the broader term "necrotizing soft-tissue infections." The classification of necrotizing infections is according to the depth of infection, presence of necrosis, and often the type of organisms present [9] . Although diagnosis of necrotizing fasciitis by the attending physician may initially be confused with cellulitis, the ultimate diagnosis of necrotizing fasciitis is a surgical one.
Although injection drug use, obesity, and diabetes mellitus have been implicated as risk factors among patients with necrotizing fasciitis, few studies have compared IDUs who have necrotizing fasciitis with non-IDUs who have necrotizing fasciitis across variables through admission, surgical course, and clinical outcome. To our knowledge, we present the largest reported series of patients with necrotizing fasciitis associated with injection drug use during a 15-year period. The objectives of this study were to evaluate and describe the patients with necrotizing fasciitis treated at an urban university medical center from emergency department admission until discharge. This study investigated the differences in diagnosis, risk factors, surgical course, and hospital course between IDUs and non-IDUs with necrotizing fasciitis.
METHODS

Study design.
We reviewed cases of necrotizing fasciitis that had presented to the emergency department of the University of California Davis Medical Center (UCDMC), Sacramento, a 450-bed teaching hospital that serves a regional population of 11.3 million people. All patients defined by an admitting, primary, secondary, or tertiary diagnosis of necrotizing fasciitis in the hospital record for admission were reviewed. Our initial review included cases that occurred from January 1984 through the end of November 1999; we used International Classification of Diseases, 9th revision, coding for necrotizing fasciitis. For the chart review, we excluded patients who did not have a confirmed surgical diagnosis of necrotizing fasciitis or who did not have any necrotic tissue removed. The diagnosis of necrotizing fasciitis was made at surgery and excluded cases of myonecrosis. After excluding patients who were transferred from other hospital facilities or medical care providers, we identified a final patient count of 107.
Study variables. All study variables were collected from each patient's medical record by use of a data abstraction instrument. "IDUs" were defined as patients who indicated in their medical history obtained at the time of admission to the emergency department that they were IDUs or that they had recently injected drugs (intravenously, "muscling," or "skinpopping"). Outcome variables were measures of morbidity and mortality, such as survival, amputation, number of debridements, total body surface area debrided, organisms cultured, length of hospital stay, and estimated hospital charges. The charges are the hospital's estimate of the payment the hospital would receive if the patient had private medical insurance.
Study variables included data collected at admission and throughout hospital stay. Admission variables included demographic information, clinical presentation, billing information, time of admission, admitting diagnosis, and patient history. Surgical variables included time until first and second debridements from time of admission, duration of debridement, size and location of debridement, and attending surgeon.
Data on the microbiological findings were taken from the first specimen isolated from the infection. For this 15-year period, the incidence of patients with necrotizing fasciitis increased dramatically from 1995 through 1997, with the greatest number of cases occurring in 1996 (figure 1). Although cases of necrotizing fasciitis increased among both IDUs and non-IDUs during 1995-1997, the majority of cases were among IDUs (37 of 57).
Most of the cases of necrotizing fasciitis occurred in men aged у40 years; the majority of the patients were white or Hispanic, unemployed, and lived in a house or an apartment, and 29% had no insurance (table 1). IDUs were significantly younger than were non-IDUs, with more than three-quarters aged 30-50 years. In addition, 57 (97%) of IDUs were unemployed, whereas 38 (79%) of non-IDUs were unemployed.
Risk factors. Among the IDUs, 32 (54%) had injected at the site where necrotizing fasciitis developed. Most IDUs practiced skin-popping and used heroin as well as methamphetamine. Skin-popping, or "muscling," refers to injections made in the subcutaneous tissue either by intention or by failed attempts to inject intramuscularly. Among the non-IDUs, 17 (35%) reported a recent spider or insect bite at the site of infection, whereas 8 (14%) of IDUs reported a bite of some type prior to admission to the emergency department. More than one-quarter of non-IDUs had diabetes mellitus, compared with 7% of IDUs. Obesity, indicated by a body mass index of Admission characteristics. Although the patients with necrotizing fasciitis presented most often with erythema, pain, induration, and edema, IDUs were significantly more likely to present with subjective fever and chills (table 2) . Twenty-nine percent of IDUs and 19% of non-IDUs presented with an abscess. Most patients were admitted with a diagnosis of cellulitis, followed by a primary diagnosis of necrotizing fasciitis.
Vital signs and laboratory data among IDUs and non-IDUs were similar, with the exception of significantly higher blood urea nitrogen (BUN) levels in non-IDUs. Among all patients with necrotizing fasciitis, BUN and creatinine levels were elevated.
Site of infection. Overall, the most common sites of infection were the left arm (22%) or left leg (21%). Among IDUs, the most common sites of infection were the arms and legs, whereas among non-IDUs, the left leg and the perineal, genital, and buttocks region were the most common (figure 2). The left (34%) and right arm (14%) were the site of infection for nearly half the IDUs. For non-IDUs, the perineal, genital, and buttocks region (23%), left leg (27%), and right leg (17%) accounted for more than half of the affected sites.
Surgical course.
The average number of debridements ‫ע(‬ SD) varied significantly ( ) between IDUs and non-P p .039 IDUs (table 3) . IDUs underwent an average of de-3.4 ‫ע‬ 2.5 bridements, whereas non-IDUs had debridements. 4.5 ‫ע‬ 3.1 Although the total number of debridements ranged from 1 to 18, nearly one-quarter of IDUs and more than one-third of non-IDUs had у5 debridements. Overall, the estimated total body surface area debrided from each patient had a range of 0.5%-20%, with 13% of patients having 110% of their body surface removed.
Among all patients, the average time from emergency department admission until first debridement was nearly 29 h, with a low value of 53 min. Approximately one-quarter of IDUs and non-IDUs underwent their first debridement within 6 h of admission. However, IDUs were significantly more likely to undergo their first debridement within 24 h than non-IDUs ( (table 4) . One non-IDU had a single anaerobic pathogen that was identified as Clostridium difficile on culture. Twenty-seven IDUs and 29 nonIDUs harbored polymicrobial infections. Among IDUs, 13 had polyaerobic growth, whereas 14 had polymicrobial mixed aerobic-anaerobic growth. Among non-IDUs, 17 had polyaerobic growth and 12 had polymicrobial mixed growth. A total of 2 to 3 organisms were isolated in 24 IDUs and 19 non-IDUs. Four or more organisms were isolated in 3 IDUs and 10 nonIDUs.
The frequency distribution of aerobes did not differ significantly between IDUs and non-IDUs. The most common grampositive aerobes were Staphylococcus aureus, viridans group streptococci, Streptococcus pyogenes, coagulase-negative Staphylococcus species, and Enterococcus species (table 4) . Pseudomonas aeruginosa was common among patients in both groups, whereas Escherichia coli and Klebsiella species were more frequent among non-IDUs. The distribution of anaerobic bacteria appears to differ between IDUs and non-IDUs (table 4) . Clostridium perfringens and other Clostridium species were frequent anaerobes among IDUs, whereas Peptostreptococcus species and Bacteroides fragilis were more common among non-IDUs.
When microbiologic findings were stratified according to the site of infection, the distribution of bacteria differed among IDUs and non-IDUs (table 5). All bacteria isolated in the head and neck region were among non-IDUs and were gram-positive aerobic bacteria. At the chest and back sites of infection, polyaerobic and mixed isolates were most common in IDUs. In the perineal, genital, and buttocks regions, polymicrobial mixed aerobic-anaerobic isolates were common in both IDUs and non-IDUs. For non-IDUs, these regions more frequently had gram-negative bacteria. The most prevalent gram-positive bacteria in the perineal, genital, and buttocks regions were viridans group streptococci, S. aureus, and coagulase-negative Staphylococcus species. The most common anaerobe was Peptostreptococcus species, and it was found only in non-IDUs. The right and left arm as site of infection yielded primarily aerobic, polyaerobic, and mixed growths among IDUs. In this group, gram-positive aerobes of the genus Staphylococcus and anaerobes of the genus Clostridium were common. For the right and left legs, the most frequent isolates for IDUs were single aerobic microbes, whereas non-IDUs had polyaerobic growths. Anaerobic growths of the non-IDUs yielded primarily B. fragilis and Peptostreptococcus species. 
DISCUSSION
To our knowledge, this study is the largest review of consecutive cases of necrotizing fasciitis associated with injection drug use. We found a 15% mortality rate among these patients with necrotizing fasciitis and an amputation rate of 13%. Among IDUs, we found a 10% mortality rate and a 10% rate of amputation, whereas among non-IDUs, we found 21% mortality rate and 17% rate of amputation. The mortality rate is lower than the 26% overall mortality rate for series of necrotizing soft tissue infections reviewed for 1988-1998 [1] . Although the explanation for our lower mortality rate is not clear, most patients underwent rapid and aggressive surgical management within 24 h of admission, with a large proportion of total body surface area removed, suggesting that such aggressive management may be associated with survival. Analysis of the mortality rates in our series showed that nearly one-quarter of the cases that resulted in death were related to renal disease, whereas the other cases resulting in death were related to septic death or organ failure.
Cases of necrotizing fasciitis in this series occurred primarily in men aged у40 years who were white or Hispanic, unemployed, living in a house or apartment, and with little or no insurance. IDUs were more likely to be younger and unemployed than were non-IDUs. Patients in this case series most often presented with the risk factors of injection drug use, diabetes mellitus, obesity, recent skin bite, and other systemic disease that are consistent with reports elsewhere [11] .
The clinical presentation of IDUs and non-IDUs did not differ statistically but appeared to vary clinically. IDUs more often presented with subjective fever, chills, and nausea as well as with an abscess. These differences can be explained by the large percentage of IDUs who recently injected at the site of infection or who "skin popped," and the more recent onset of general symptoms among IDUs. Fever and chills were not correlated with septicemia in either group. The elevated levels of BUN in non-IDUs is most likely due to the older age of nonIDUs ( ), which was significantly correlated to BUN P ! .0001 ( ). The non-IDUs were also more likely to have diabetes P ! .005 mellitus and renal or other systemic disease.
Although both IDUs and non-IDUs appeared to present with similar clinical characteristics, the anatomical site of infection differed between the groups. Consistent with injecting behavior, IDUs were most often infected at the left or right arm. Thirty percent of the IDUs were infected in the legs, an alternative site for injection. Among the non-IDUs, the left leg and perineal, genital areas, and buttocks were the most common site of infection. The occurrence of infection in the perineal, genital, and buttocks regions is consistent with this infection in patients with diabetes.
The better survival rate among IDUs can be partially explained by the more rapid diagnosis and management of IDUs with necrotizing fasciitis. IDUs were significantly more likely to undergo first debridement within 24 h of admission than were non-IDUs ( ), have fewer ( ) numbers of P p .02 P p .039 debridements ( ) than non-IDUs ( ), and ex-3.4 ‫ע‬ 2.5 4.5 ‫ע‬ 3.1 perience a shorter ( ) duration of hospital stay than P p .018 non-IDUs (table 3) . IDUs often present with abscesses that require draining, allowing the attending physicians a greater opportunity to discover necrotic tissue when abscesses are drained. In addition, a higher index of suspicion for necrotizing fasciitis among patients with a history of injection drug use might facilitate rapid diagnosis because these patients may be monitored more closely for the development of necrotic infection. For IDUs, the shorter duration of hospital stay and the fewer debridements can be attributed to more rapid diagnosis or more aggressive surgical debridements, although we found no statistical differences in total body surface area debrided between IDUs and non-IDUs. A longer period to diagnosis in non-IDUs may occur because these patients often present with cellulitis, which may pose the diagnostic dilemma for physicians of whether or not to open the site to determine the presence of necrotic tissue. Often the decision to open the site is determined after a period of observation for the rapid spreading of cellulitis.
The better survival rates among IDUs compared with nonIDUs can also be explained by the older age, underlying disease, and the different location of infection among non-IDUs. Compared with non-IDUs, the IDUs in this series may have a more robust host response to infection because they have less underlying disease. In addition, the perineal, buttocks, and genital locations of infection may be more susceptible to severe infection. The longer interval between first and second debridements among all patients can be explained by the aggressive initial debridements among the patients we studied. At our medical center, the attending surgeons' practice is to aggressively remove all devitalized tissue at the first debridement, leaving only normal-appearing tissue at the wound edges. After initial debridements, patients are monitored closely to ensure the complete debridement of devitalized tissue. If devitalized tissue exists after 12 h or if the initial debridements are incomplete, the patient is taken back to the operating room. Like other reported case series, more than half our patients harbored polyaerobic or mixed aerobic-anaerobic infections [12] . However, infections of single aerobic pathogens were not uncommon in our patients (table 4). These results indicate that necrotizing fasciitis in our population may be caused by a wide spectrum of pathogens and is not limited to a narrow bacteriologic profile. Although bacteriologic results may distinguish necrotizing fasciitis into type 1 and type 2 groups [13] , the increasingly common finding of a large spectrum of both aerobic and anaerobic polymicrobial bacteria suggests that such a distinction may be challenging because it requires rigorous culture systems that focus on detecting bacteria with appropriate media and transport systems. At our medical center, the highest priority is surgical management, and thus the diagnosis of necrotizing fasciitis is a surgical one, with the microbiologic findings used only to modify initial antibiotic treatment when indicated.
In this series, the most common aerobes were similarly distributed between IDUs and non-IDUs. Although the presence of common skin flora, such as coagulase-negative Staphylococcus species, may be due to contamination of the culture system, the high frequency of isolation suggests that these flora are a part of the infection of the necrotic site. Contaminated needles used by IDUs could potentially introduce these bacteria deep into the site of injection [3] .
Gram-negative bacteria were less common than were grampositive aerobes and were distributed somewhat differently between IDUs and non-IDUs. P. aeruginosa appeared frequently in both groups, but E. coli and Klebsiella species were predominant among non-IDUs. IDUs and non-IDUs also exhibited different anaerobic species. Although Clostridium species were more common among IDUs, B. fragilis and Peptostreptococcus species were the predominant anaerobes among non-IDUs. Although anaerobes appeared in both IDUs and non-IDUs in polymicrobial mixed growths, our results suggest that some anaerobes may be more common in non-IDUs. However, further study with larger sample sizes and more careful anaerobic culture and media transport methods would be required to determine this.
The stratification of microbiologic findings according to site of infection suggests that polymicrobial infection with mixed aerobes and anaerobes differs between IDUs and non-IDUs. Among IDUs, monoaerobic and polyaerobic infections were common in the arm and leg. However, polymicrobial mixed infection was not uncommon among IDUs who were infected on the arm. These results indicate that both anaerobes and aerobes can persist at the injection site. Among non-IDUs, polyaerobic and mixed infections were most common in the legs. A possible explanation is the observation that 9 (19%) of non-IDUs reported a wound or abrasion at the site of infection, often in the legs. Among both IDUs and non-IDUs, polymicrobial mixed infection was the most common at the perineal, genital, and buttocks region. The more common finding of gram-negative bacteria among non-IDUs (table 4) can be explained by the greater likelihood of infection from resident flora of the perineal, genital, and buttocks regions.
Our results describing the extent of polymicrobial mixed 
